A nested ncas-control study was deigned to evaluate whether a nearly tofold excess of kidney cancer among.workers at a refinerylpetrochemical plant W associat ih: m tiv e to C2-C5
A nested ncas-control study was deigned to evaluate whether a nearly tofold excess of kidney cancer among.workers at a refinerylpetrochemical plant W (1) and a nearly twofold excess after 8 more years of followup (2) . There is little evidence from cohort studies (with the possible exception of distribution workers) to suggest that workers in the petroleum industry are at increased risk of kidney cancer (3, 4) . However, there is also no strong evidence to the contrary. The evidence from case-control studies is contradictory. Nested case-control studies within petroleum worker cohorts show no apparent association with exposure (5, 6) . However, several population-based case-control studies show an increased risk of kidney cancer related to exposure to petroleum products (7) . Overall, the studies of humans are inconclusive regarding potential risk. Beginning in the early 1980s, there is an extensive body of experimental data showing that a wide variety of chemicals (primarily C6-C10 saturated aliphatics) produce renal tumors in the male rat. The predominant hypothesis regarding the mechanism (cx2p,-globulin nephropathy) (8, 9, 10) has been considered irrelevant in evaluating carcinogenicity to humans of petroleum hydrocarbons. A recent review points out inconsistencies in the hypothesis and suggests the possibility that these hydrocarbons may be carcinogenic in themselves (11, 12) . Experimental data are valuable for assessing the potential for human carcinogenicity by providing, or not providing, a biologically plausible mechanism. Experimental data appear to support the evaluation of the Environmental Protection Agency (13) that the response of male rats to these chemicals is probably not relevant to humans. There is not at present a plausible mechanism to explain why there might be an association between exposure to petroleum products and kidney cancer.
To further test the hypothesis that hydrocarbons cause kidney cancer, we selected the refinery/petrochemical plant cohort studied by Shallenberger et al. (2) to conduct a nested case-control study. The major objectives of the study were to estimate the relative risk of cumulative exposure to the following process streams:
C2-C5 saturated hydrocarbons, C2-C5 unsaturated hydrocarbons, C6-C10 aliphatic saturated hydrocarbons, C6-C10 aliphatic unsaturated hydrocarbons, and C6-C10 aromatics.
Although the etiology of kidney cancer is little understood, there are several nonoccupational risk factors consistently associated with kidney cancer and for which data in this study are available. The odds ratios for obesity (generally measured as body mass index, or BMI) in six studies ranged from 1.2 to 3.3 (14) (15) (16) (17) (18) (19) (20) . One study showed trends for the risk in males to increase as BMI increased, with greater than a twofold increased risk in the fourth quartile compared to first quartile for three measures of BMI: at age 20, most recent BMI, and highest BMI (19, 20) . Kadamani et al. (21) suggested there was a positive interaction between high BMI and hydrocarbon exposure.
The odds ratios associated with high blood pressure ranged from 1.5 to 2.9 in three of four case-control studies (15, 16, 22) , and was below 1.0 in the fourth (23 Different jobs have different intensities of exposure associated with them, but for tenure, all jobs assume a similar intensity. The ratio of score-years to tenure indicates a range of values from 1/1 (lowest-exposed job) to 4/1 (highest-exposed job).
Statistical Analysis
The odds ratios were estimated based on both a continuous score and a grouped (discrete) score. For example, for the continuous analysis, the observed BMI was the variable, and for the discrete analysis, the BMI scores were categorized into four classes of approximately equal size (>21, 21-23, 23-25, and .25). For the discrete case, the odds ratio is the ratio of the odds for a given class relative to the base (reference) class. For the continuous score, the odds ratio is the change in the ratio of the odds when the risk variable is increased by one unit. The advantage of the continuous method is that it does not depend on the groupings chosen for the classes; the disadvantage is that it assumes the log of the odds ratio is a straight line function of the risk factor. Tables 2-6 bAdjusted for MAP and pack-years smoked. bAdjusted for BMI and pack-years smoked. bAdjusted for BMI and MAP. Based on this reasoning, the evidence is most suggestive of no relationship. Table 7 summarizes the adjusted and unadjusted odds ratios for all risk factors, for the highest quartile. Figure 1 summarizes the cumulative frequency of renal cancer death by time since hire and time since terminating work. Latency since time of hire ranged from 24 to 62 years. Latency since termination was less than 22 years. When plotted on a cumulative log-normal plot, latency since termination does not approximate a log-normal distribution, whereas latency since hire does appear to show a log-normal distribution with a median of about 45 years (data not shown).
Discussion
This nested case-control study was composed of 37 On the other hand, these curves are similar in shape to those describing the relationship with aromatics in the Poole et al. (5) study of petroleum refinery workers, except their odds ratios are <2 in the medium-low and high categories, rather than the three-to fivefold increases seen in this study.
Thus, the point estimate for the odds of exposure are not like an exposure-response relationship, but the point estimates are unstable with very wide confidence intervals. More subjects are needed to more clearly define the shape of the curve.
Misclassification of exposure in case-control studies is a major concern as exposure-response relationships are a major measure of effect. For dichotomous exposures (exposure dassified as yes or no), nondifferential misdassification tends to reduce risk ratios toward the null and decrease the power ofstatistical tests (38) . Nondifferential misclassification occurs when the bias is independent of disease status or is random. In this study any misclassification of exposure is presumed to be nondifferential, as classification of exposure was made on the basis of job title/job location without knowledge ofcase or control status.
Marshall et al. (39) examined the potential effects of misclassifications on assessing exposure-response relationships, assuming misclassification only between adjacent exposure categories. They showed that if the pattern of errors is random, the bias will generally not mask an exposureresponse trend. If the error rate is less than about 35%, the null hypothesis of no trend would be consistently rejected at the 5% level of significance for a sample size smaller than this study. A 50% misclassification rate would reduce a true odds ratio of 4 to an odds ratio between 2 and 3.
We Criteria for Causality A number of criteria are regularly used in epidemiology to evaluate whether an association between an exposure and a disease is causal. Some of these criteria are considered in the context of the question posed in this study of whether hydrocarbon exposure increases the risk of kidney cancer.
The minimum period of time since DOH is 24 years among these cases, which should be sufficient time for the disease to develop if related to work exposure.
The presence of a trend of increasing risk with increasing exposure is strong evidence of a causal association. Risk tended to increase as tenure exceeded 30 years.
Tenure is a surrogate and nonspecific measure of exposure and undoubtedly misclassifies exposure to process streams. Misclassification bias is considered less likely for estimates of cumulative exposure. However, the number of kidney cancer cases is relatively small, and the confidence intervals around both the slope of the exposure-response regression line and the odds ratios by exposure group are so wide that the possibility of a trend cannot be conclusively ruled out. Thus, the occurrence of an exposure-response trend is considered indeterminate.
Confounding by nonoccupational risk factors (BMI, MAP, smoking) is unlikely as they were adjusted for in the analysis, and are probably not related to exposure. There is potential confounding from asbestos exposure, where high exposure in asbestosexposed cohorts showing a twofold or greater increased risk of lung cancer also show about a twofold increased risk of kidney cancer (40,41). We were not able to assess asbestos exposure, but it seems unlikely that the medium-low and high exposure categories of cases but not controls would be exposed to high enough levels of asbestos to increase the risk of kidney cancer. The risk of kidney cancer from asbestos exposure is also probably much less than the twofold risk observed in heavily exposed asbestos workers (42 Cohort studies of petroleum industry workers provide little evidence of possible increased risk, even when more highly exposed workers are analyzed separately (3, 4) . These cohort studies are often limited in evaluating risk and causality for several reasons, including exposure to multiple substances, inclusion of a proportion of workers with little or no exposure (which dilutes or obscures any work-related effect), some workers with too-short latency unless stratified by time since hire, and no evaluation of exposure-response trends.
None of the three available nested case-control studies direcdy addressing the question of whether petroleum hydrocarbons increase the risk of kidney cancer is clearly positive. The population-based case-control studies suggest there are a variety of chemicals and jobs that may be associated with increased risk of kidney cancer. The most specific substances identified are fuels (e.g., gasoline, kerosene, aviation fuel). Two cohort studies of distribution workers are consistent with the findings from the population-based case-control studies, but two are not, and the latter do not suggest an association with exposure.
The a2 -globulin hydrocarbon hypothesis describes a possible mechanism whereby hydrocarbons might cause kidney tumors in the male rat. This hypothesis does not appear to be a plausible mechanism in humans (9) .
Latent periods for a number of cancers show a log-normal distribution from time of exposure to the etiologic agent. Armenian and Lilienfeld (43, 44) provided several examples of this relationship including thyroid cancer and childhood radiation exposure, leukemia following exposure to radiotherapy, intrauterine X-ray exposure, and radiation from the atomic bomb. Three examples were given where the onset of exposure was less precise; namely, lung cancer in asbestos workers and two instances of bladder cancer following occupational exposures to dyes. An exception to the log-normal distribution was noted for onset of acute lymphatic leukemia in children not exposed to intrauterine X-rays.
Similar distributions are seen for the incubation period of infectious diseases (44) 20 30 Hire to I Figure 3 . Cumulative log-normal plot for latency.
chain of events that leads to the disease. The study of the distribution of incubation periods may therefore be useful in determining the importance of a particular factor in causing a disease. The absence of a fit (as for termination of employment in this study; Fig. 2 ) may suggest the factor is not important. The presence of a fit (Fig.  3) evidence for or against an exposureresponse relationship or causal association. The study included all the extant cases of kidney cancer in the study population. Hence it is not possible to increase the power of the study until we observe more cases in the study population. The data from this study and from two earlier studies (15, 20) suggest that a young male 120-130% above normal weight is at two-to threefold increased risk of kidney cancer. Asal et al. (20) performed a multivariate analysis and ranked the most important variables as assessed by stepwise regression as 1) recent weight (p = 0.0001), 2) petroleum work (p = 0.0006), and 3) hypertension (p = 0.04) as among the most important risk factors for kidney cancer. Smoking (p = 0.08) was ranked 11th. Thus, the study reported here is consistent with other studies suggesting that being overweight increases the risk ofkidney cancer among men.
In this study, blood pressure (measured as mean arterial pressure) showed a trend of increasing risk with increasing MAP measured at initial exam. Grove et al. (46) found a significant association of blood pressure (10 mm Hg increase) with the incidence of kidney cancer (controlled for age and smoking) among men. After adjustment for blood pressure medication, however, the association was no longer significant. Age at which blood pressure readings were taken ranged from 46 to 68 years. Other case-control studies have not measured blood pressure directly, but categorized exposure as the presence or absence of hypertension, and sometimes adjusted for use of diuretics and hypertension drugs (22, 15, 23, 29) . Yu et al. (15) found that men with high blood pressure and taking diuretics had a slightly increased odds ratio of 1.2 (95% CI, 0.4-4.0) compared to those not taking a diuretic. Both Yu et al. (15) and McLaughlin et al. (47) found no association with diuretic use alone among men.
The findings of this study are consistent with those in the literature. However, in this study the blood pressure readings are for young men in good health and without the presence of potentially confounding health factors and medications present in older men. The observed trend is suggestive of a causal association but needs to be confirmed.
The association of cigarette smoking and risk of kidney cancer among males has been investigated in a number of case-control studies (14, 15, 17, 19, 22, 23, 26, 28, 29, 48) . In general, there was a trend for the odds ratios to increase as the level of smoking increased. However, the odds ratios even among the heaviest smokers were only moderately elevated (range of 1.27-2.2). Heavy smokers in this study fall in the lower part of this range. Three studies reported only ever-smokers, and the range was 1.0-2.24. The odds ratio was 1.36 for the study reported here.
These results suggest there is a weak association of kidney cancer among moderate to heavy smokers. The study reported here is consistent with that conclusion based on classification by smoking category. The lack of an association with packyears may in part be due to the inclusion of former smokers. Most of the studies in the literature do not evaluate pack-years as a risk factor.
Conclusions
The primary objective of this study was to investigate the association of kidney cancer and hydrocarbon exposure using exposure-response as the measure of association. After controlling for weight, blood pressure, and pack-years smoked, there was no clear-cut exposure-response relationship with tenure or qualitative estimates of cumulative exposure. However, the number of kidney cancer cases is relatively small, and the confidence intervals around both the slope of the exposure-response regression line and the odds ratios by exposure group are so wide that the possibility of a trend cannot be ruled out. 
